Letter position dyslexia (LPD) is a peripheral dyslexia that causes errors of letter order within words. So far, only cases of acquired LPD have been reported. This study presents selective LPD in its developmental form, via the testing of 11 Hebrew-speaking individuals with developmental dyslexia. The study explores the types of errors and effects on reading in this dyslexia, using a variety of tests: reading aloud, lexical decision, same-different decision, definition and letter naming. The findings indicate that individuals with developmental LPD have a deficit in the letter position encoding function of the orthographic-visual analyzer, which leads to underspecification of letter position within words. Letter position errors occur mainly in adjacent middle letters, when the error creates another existing word. The participants did not show an output deficit or phonemic awareness deficit. The selectivity of the deficit, causing letter position errors but no letter identity errors and no migrations between words, supports the existence of letter position encoding function as separate from letter identification and letter-to-word binding.
Introduction
Trail and trial are quite different. However, individuals with letter position dyslexia might fail to tell them apart when they read them. Letter position dyslexia (LPD) is a deficit in the orthographic-visual analysis system that selectively impairs the ability to encode the relative position of letters within words. This dyslexia was reported in its acquired form for two Hebrew-speaking individuals (Friedmann & Gvion, 2001 ), but has not been reported in a selective developmental form. The current research explores the characteristics of LPD in its developmental form in 11 Hebrew-speaking individuals.
The first stage of word reading includes visual-orthographic analysis. This stage is responsible for the encoding of abstract letter identities, for encoding of relative position of letters within words, as well as for setting the attentional window that allows for the allocation of attention to a single word (Coltheart, 1981; Ellis, 1993; Ellis, Flude, & Young, 1987; Ellis & Young, 1988; Humphreys, Evett, & Quinlan, 1990; Peressotti & Grainger, 1995) . A deficit in either one of these functions causes a different type of peripheral dyslexia, with different characteristics: deficits in letter identity encoding result in letter substitutions and omissions (such as in visual dyslexia, Cuetos & Ellis, 1999; Lambon Ralph & Ellis, 1997; Marshall & We are grateful to Michal Biran, Dror Dotan, Aviah Gvion, Ivana Nachman-Katz, Limor Lukov, Rama Novogrodsky, Julia Reznick, and Maya Yachini for helpful comments and discussions and for their help in data collection for Experiment 11. The research was supported by the Israel Science Foundation (grant no. 1296/06, Friedmann) .°Address correspondence to Prof. Naama Friedmann, Language and Brain Lab, School of Education, Tel Aviv University, Tel Aviv 69978, Israel, e-mail: naamafr@post.tau.ac.il.
Developmental letter position dyslexia 2 Newcombe, 1973; or in agnosia for letters and some subtypes of neglect dyslexia); a deficit in letter-to-word binding results in migrations of letters between words (as is the case in attentional dyslexia, Davis & Coltheart, 2002; Hall, Humphreys, & Cooper, 2001; Saffran & Coslett, 1996; Shallice & Warrington, 1977) . A deficit in the encoding of relative letter order within words results in migration 1 of letters within word (Friedmann & Gvion, 2001 .
The existence of dyslexias that selectively impair one of the functions of the visualorthographic analysis system, keeping the other functions intact, serves as important indication for the modularity and separate existence of these functions. Thus, letter identification errors were found to occur with unimpaired letter position encoding and without migrations of letters between words; migrations of letters between words, indicating a deficit in letter-to-word binding, occurred while keeping letter identity as well as relative position within words. Until the report of a selective LPD (Friedmann & Gvion, 2001) , evidence from neuropsychology for the existence of letter position encoding within word as a separate function was indirect, deduced from the intactness of letter position information when the other functions were impaired. The identification of a selective letter-position deficit, without letter identity errors and without letter migrations between words, serves as a direct evidence from dyslexia for a separate function of letter position encoding.
Non-selective deficits of letter order were reported in the reading of several individuals with various types of dyslexia. Marshall and Newcombe (1973) reported an individual with deep dyslexia, who also made transposition errors (reading was as saw).
Individuals with attentional dyslexia (Shallice & Warrington, 1977; Price & Humphreys, 1993; Hall, Humphreys, & Cooper, 2001; Humphreys & Mayall, 2001) , neglect dyslexia ("positional dyslexia", Katz & Sevush, 1989) , and visual dyslexia (Biran, Gvion, & Friedmann, 2003) were reported to have letter transpositions within letter sequences and words, and letter position errors in naming letters within words, in addition to errors characteristic of their dyslexia. McCloskey and Rapp (2000a) reported on a woman with developmental visual-localization deficit, AH, who frequently misperceived the orientation and ordering of objects, letters and words. When she read words or named letters she incorrectly perceived the location of letters. She had letter transposition errors but this was not the main type of error she made in reading, and she also had a general visual-localization deficit (see also McCloskey & Rapp, 2000b) . Thus, letter position errors were reported for several individuals with acquired and developmental disorders, but all these individuals had a deficit that was not selective and was accompanied by additional reading errors.
A selective acquired deficit of letter position within words, LPD, was reported in Hebrew (Friedmann & Gvion, 2001) , indicating the existence of a separate function of letter position encoding. The two individuals reported by Friedmann and Gvion showed a selective deficit in letter position, without migrations between words and without letter identity errors.
Their main errors, in a variety of tasks, were migrations of letters within words. The errors occurred almost exclusively in middle letters, whereas first and final letters remained in their original positions. Errors occurred mainly in "migratable" words, namely, words in which transposition of middle letters creates another existing word. Migrations did not occur in symbol sequences and numbers.
This tendency for errors to occur more frequently in migratable words is probably the reason why LPD is more readily identifiable in Hebrew than in other languages. In Hebrew, migratable words are abundant due to a combination of the nature of Hebrew orthography and morphology. Because of the underrepresentation of vowels in the orthography, and the fact that 9 of the 22 letters can be mapped onto at least two different phonemes, the degrees of freedom in reading Hebrew words are large. Thus, letter combinations resulting from letter migrations often yield another existing word. It is actually quite hard to find words in Hebrew that are completely non-migratable. Another contribution to the large number of migratable words in Hebrew is, as indicated, its Semitic morphology, which generates words from a consonantal root and a template. This yields many word pairs that only differ in the order of the root consonants (with the same template), or in their templates (with the same root), which may differ only in the position of a middle letter. These properties of Hebrew result in an orthography in which many migration errors create another existing word, and therefore, given a tendency to produce lexical responses, more errors cannot be ruled out by the reader, and it is easier to detect letter position deficit in Hebrew, compared to languages like English, in which the result of migration of middle letters usually results in a non-word.
Until now, LPD was only reported in its acquired form, whereas selective developmental deficits in letter position encoding have not been reported. An interesting question is whether the separate functions of the orthographic-visual analyzer can also be demonstrated in a developmental form.
In recent years, more and more studies accumulate, indicating that subtypes of dyslexia which have been identified in acquired dyslexia also exist in developmental dyslexia.
Different types of dyslexia are caused by selective impairments at different points in the Developmental letter position dyslexia 4 reading process (for a comprehensive survey of this literature see Castles, Bates, & Coltheart, 2006; Castles & Coltheart, 1993; Castles, Datta, Gayán, & Olson, 1999; Temple, 1997) .
Selective developmental dyslexias have been reported as a result of a selective impairment in the lexical reading route (developmental surface dyslexia, Broom & Doctor 1995a; Castles, Bates, & Coltheart, 2006; Castles & Coltheart, 1993 Coltheart, Masterson, Byng, Prior, & Riddoch, 1983; Judica, de Luca, Spinelli, & Zoccolotti, 2002; Masterson, 2000; Temple, 1997) , as a result of impaired grapheme-to-phoneme conversion (developmental phonological dyslexia, Broom & Doctor, 1995b; Temple, 1997; Temple & Marshall, 1983) , impaired semantic route (developmental direct dyslexia, Glosser, Grugan, & Friedman, 1997) , as well as developmental deep dyslexia (Stuart & Howard, 1995; Siegel, 1985; Temple, 1988 Temple, , 2003 .
Selective developmental peripheral dyslexias were also identified -neglect dyslexia (neglexia) (Friedmann & Nachman-Katz, 2004; Nachman-Katz & Friedmann, 2007) , and attentional dyslexia (Rayner, Murphy, Henderson, & Pollatsek, 1989) .
The aim of the current study is to explore the nature of LPD in its developmental form.
The study was aimed to establish the characteristics of developmental LPD, to closely examine the types of errors and effects on reading in various tasks, to compare the characteristics of developmental LPD to the characteristics of acquired LPD, and to ask questions that were not explored in the previous report of selective acquired LPD, such as whether vowels and consonants are equally susceptible to migration errors, and whether adjacent letters are more susceptible to errors than non-adjacent ones. In addition, the study examined the participants' abilities in phonological output, in order to find out whether the deficit is indeed related to reading or whether it is rather an output deficit, and examined the phonological awareness abilities of the participants, to evaluate theories that ascribe developmental dyslexia to difficulties in phonological awareness. This research was performed through a detailed study of the reading of 11 Hebrew-speaking individuals with LPD as a group, but also looked at their individual performance in each task and item type.
Experiment 1 tested oral reading of single words and explored several properties of migration errors in oral reading; Experiments 2-4 tested single word reading in tasks that do not require reading aloud; Experiment 5 tested reading of word pairs; Experiment 6 tested reading of migratable words in text; Experiment 7 tested reading of nonwords; Experiment 8 tested letter naming in migratable words; Experiments 9-10 tested phonological output and phonological awareness; Experiment 11 tested whether letter migrations characterize errors in normal reading acquisition and in other subtypes of developmental dyslexia.
Participants

Initial screening
Eleven individuals with a high rate of letter position errors in reading participated in the study. They were children and adolescents enrolled in schools in central Israel, who were identified prior to our research as having learning disabilities and reading difficulties by the special education teachers or speech therapists in their schools, but the exact nature of their reading difficulties and the type of dyslexia they had were not precisely diagnosed. The special education teachers and the speech therapists in these schools referred approximately 60 such children to our lab for further diagnosis. The husband of one of the special education teachers also suggested himself as a participant because he had had considerable difficulties in reading throughout school years and afterwards.
For the initial assessment we used TILTAN test battery , which was specifically developed to identify subtypes of dyslexia. For each individual we analyzed the types of errors made in oral reading. We included in the current study only individuals who had middle letter migration errors on more than 10% of the words in the screening task (unimpaired readers make less than 2% errors of this type in the TILTAN test. All the participants with LPD also performed more than 2 SDs below the normal average performance on this test).
2 We use the term potentiophones for pairs of words in Hebrew that are written differently and sound differently. Because they contain homophonic letters (and are usually underspecified for vowels), if read solely via the grapheme-to-phoneme conversion route each can be read aloud instead of the other. A relevant example in Hebrew are the potentiophones (QMO-KMO, kamu-kmo, woke up -like). Similarly, in English, the word now, when read via the sublexical route might be read aloud sounding like the words no and know. Similarly, if the word shoe is read using the same conversion as toe, it can yield the potentiophone show. For participants who have a lexicality constraint on reading aloud, who produce almost only lexical responses, potentiophones are the most efficient stimuli to expose sublexical reading in oral reading (Lukov & Friedmann, 2006) . Only reading via the lexical route can yield correct reading of these potentiophones.
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Selected participants' profile
Using this procedure, we selected 11 participants. They were 10 children and adolescents aged 9;4-15;9 and one adult aged 29;10, five females and six males. Table 1 presents background information on the participants. In all cases the dyslexia was developmental: ten participants had no history of brain lesion, neurological disease or loss of consciousness. One participant, SN, had a transient hemiplegia event around age 6, which may indicate he suffered a stroke, but, importantly, similar to the other participants who had developmental dyslexia, and unlike individuals with acquired dyslexia, his damage occurred prior to reading acquisition. Four of the participants were also tested using visual non-orthographic tests of four aspects of attention -sustained attention, selective attention, orienting of attention and executive attention (including the CPT, conjunctive visual search, cost-benefit paradigm with peripherial precues, and a Stroop-like task, to assess the functions of attention; for details on the tests see Tsal, Shalev, & Mevorach, 2005) . 3 The 4 tested participants were found to have impairment in selective attention. Writing was assessed for 7 of the participants and was found free from letter position errors, except for HN who had 9% middle-letter migrations in writing. The number reading of all participants except YS was normal and without migrations; YS showed position errors in number reading as well as in word reading (Rahamim & Friedmann, 2003) . Two subtests, Experiment 1b and the reading of a vertically presented list, were administered later to 7 of the participants who were still available for testing (marked by # in Table 1 ). Experiment 8 was administered at an even later stage, when only 4 participants were still available for testing.
( Table 1 about here)
The control group included 11 participants without reading or language disabilities, and without any known neurological impairment, from the same schools as the LPD participants or from schools in the same city, with similar socio-economic status (SES). Each of the control participants was selected to match a participant in the LPD group in gender, school grade, and age -up to 3 months difference with the matched LPD participant. For the adult participant we allowed an age difference of 6 months with the matched control.
CHARACTERISTICS OF DEVELOPMENTAL LPD
General procedure
Each individual participated in a series of one-hour sessions, conducted in a quiet room.
During the testing sessions various tasks were presented to the participant, in which stimuli were displayed in 18 pt. David font -single words, nonwords, word pairs, and text, manipulated according to the research questions. Each stimulus was presented on a separate card, and no time limit was set for any of the tests. The analysis was made on the first responses.
In order to compare the performance of the experimental participants and the control participants, number and types of errors in each of the tasks were compared for each individual participant in the experimental group to his or her matched control participant, using a chi-square test; if the tendencies of all the individual participants in the group were similar, the performance of the group was compared to the performance of the control group using Mann-Whitney test (for more than 10 participants the z score was calculated in the Mann-Whitney test). Individual performance was compared to the performance of the control group using Crawford & Howell's (1998) significance t-test. Within-participant comparisons between performance in two conditions were conducted using a chi-square test, and if the participants showed the same tendencies, a comparison between conditions at the group level was conducted using Wilcoxon Signed-Rank test (results reported with T, the minimum sum of ranks). We chose to use non-parametric tests because we could not assume normal distribution within the dyslexic group. An alpha level of 0.05 was used. 
ORAL READING OF SINGLE WORDS
Results
The results, shown in Table 2 , were that all the individuals with LPD had a marked letter position deficit, which resulted in many migration errors within words.
Reading migratable words. The average migration error rate in migratable words amounted to a quarter of the words. For one of the participants, HN, the rate of letter migrations was as high as 45% of the words with middle letter migration potential. As shown in the statistical analysis in Table 2 , each of the LPD participants had significantly more migration errors than the matched control participant. On the group level too, the LPD group had significantly more migration errors than the control group, z = 3.94, p < .001. 
Migration errors vs. other types of errors.
In order to assess whether letter migrations were indeed the most prominent error type in the participants' reading, we compared the percent of migration errors to the percent of all other types of errors combined within the LPD group.
This comparison showed that for each of the individual participants with LPD there were more migration errors than any other type of errors. On the group level too, significantly more migration errors were produced than all other errors (M = 25%, 13% respectively, T = 0, p < .001). The number of other errors produced by the group of participants with LPD was larger than for the control group, a difference that was significant for 9 of the LPD participants compared to the control group (using Crawford & Howell's t-test, p < .05). Other errors included mixed errors: letter addition or omission which, together with a migration error, created another existing word; reading via the sublexical route; and doubling of letters and omissions of one instance of a double letter.
The first type of error, letter addition or omission on top of migration, occurred where the migration alone would have resulted in a non-lexical response. In this case, the reader also produced letter omission or addition. This type of error occurred 3-51 times per participant, with an average of 17.7 (SD = 16.5). For example, the word was read as (GLUIH-GULH, gluya-gula, postcard-marble), probably because the letters U and L transposed, and then, because there is not word like GULIH in Hebrew, the letter I was omitted, creating GULH, a marble. Thus, this type of "other error" seems a result of a combination of the letter position deficit and the tendency to produce a lexical response.
Some of the participants produced other errors that involved sub-lexical reading. These errors result from reading words via grapheme-to-phoneme conversion rather than via the lexical route. Reading via the sublexical route is particularly evident in Hebrew, as Hebrew orthography allows many degrees of freedom in reading. There is actually not even a single word in Hebrew (without diacritics) for which grapheme-to-phoneme conversion rules yield a unique reading -even short words that contain vowel letters have at least two possible readings, and some 3-letter words have theoretically more than 1000 possible readings. 4 Thus, reading without the support of orthographic-lexical knowledge, only via grapheme-tophoneme conversion, is bound to produce errors in almost every word. These errors occurred in the oral reading of two of the LPD participants, RM and SL, significantly more than for the control group (using Crawford & Howell's t-test, t(10) = 3.16, t(10) = 2.95 respectively, p < .02), and accounted for 96% of RM's other errors and for 80% of SL's other errors.
Additional tests of lexical-route reading were administered to all the participants; these tests included reading aloud of irregular words and potentiophones, 2 definition of homophones, and lexical decision for pseudo-homophones. They indicated difficulty in lexical reading for these two participants as well as for HN and HA. SL had 4/9 errors in homophone definition, 3/8 errors in detection of pseudo-homophones, and 1/32 regularization errors in reading irregular words. RM had 1/9, 4/8, and 4/32 errors respectively on these tests;
HN had 3/9, 3/8 and 13/32 errors in these tests and HA had 8/32 regularization errors in reading but was normal on the other two tasks. The other individuals with LPD performed like the control group in these tests (Lukov & Friedmann, 2006) . Thus, according to the errors in reading aloud as well as other tests, four of the participants read some words via the sublexical route, in addition to their LPD, whereas the other 7 participants showed no sublexical reading.
Letter doubling errors. Two additional error types that might be related to the deficit in letter position encoding is doubling of a letter and omission of one of two identical letters. For example, YS read as (MXBBT, mexabevet, likes-fem; MXBT, maxvat, pan), omitting a letter that appeared twice in the word and reading it only once. There were also doubling errors, reading twice a letter that appeared once, as was the case when YS read as (BNOT, banot, girls, as BNNOT, bananot, bananas) and a mixed error of doubling of one letter and omission of another letter which occurred twice: reading as (MKORRIM, mekurarim, cooled-plural; MKORIIM, mekoriim, original-plural). Such errors might result from an inability to encode how many identical letters appeared due to the inability to relate letters to their positions. 4 For example, in the word , KBS, the three letters can be converted to either of two consonants, and the vowels are not represented, so after each letter one of six vowels can be used. In addition, the stress can be positioned either on the ultimate or on the penultimate syllable, leading to 2*2*2*6*6*6*2=3456 theoretical ways to read the word via the sublexical route, which the orthographic lexicon narrows down to 3 lexical options.
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Experiment 1b. Migrations of adjacent vs. nonadjacent letters, and of vowels vs. consonants
We created another list of migratable words, to answer two additional questions: whether more migration errors occur in adjacent letters compared to non-adjacent letters, and whether the rates of vowel and consonant migrations are similar. The question of whether vowels and consonants behave differently with respect to migrations is especially interesting in Hebrew, because vowels in the middle of words often have a morphological role (derivational or inflectional), whereas consonants have morphological roles almost exclusively at the beginning and end of words. In addition, because of the underrepresentation of vowels in Hebrew orthography, letters that do represent vowels might be more fragile and more easily overlooked than consonant letters.
The list included 324 words with a potential for middle letter migration: 240 of the words had potential for migration of adjacent middle letters (Examples (4) and (5)), 84 words had a potential for non-adjacent middle letter migration (see Example (6) for two types of non-adjacent migration), and 240 words also had potential for migration that involves an exterior letter (Example (7)). The 240 adjacent middle migratable words included 163 words that had a potential for consonant migrations (as in Examples 1a, 4), and 77 words with a potential for migration that involved a vowel letter (X / Y) that transposed with a consonant letter (Examples 1b, 5). This list was administered to seven of the participants, who were asked to read the words aloud.
(4) (M SNT-MS NT, me'ashenet-mish'enet, smokes-back rest) (5) (AFONH-AOFNH, afuna-ofna, pea-fashion) (6) (MRPAH-MAPRH, mirpa'a-ma'afera, clinic-ashtray) (ISRKO-IKSRO, yishreku-yiksheru, will whistle-will tie) (7) (SMONH-MSONH, shmone-meshune, eight-strange) Adjacent and non adjacent migrations. The comparison of migrations of adjacent and nonadjacent letters showed that for each participant, migrations occurred both in adjacent and in non-adjacent letters, but more migration errors occurred on adjacent letters. This difference was statistically significant for 3 of the 7 participants (p < .003). As a group, significantly more migrations occurred on adjacent than non-adjacent middle letters, T = 0, p = .008.
Results
Vowels and consonants.
There was no consistent tendency for more migrations of vowels than of consonants, nor was there a consistent tendency for more migrations of consonant than of vowel letters. Table 5 presents the percentage of migrations that involve only consonants out of the words that included a lexical potential for consonant migration, compared to the percentage of migrations that included a vowel out of the words that had a potential for vowel migration. Three participants had more migrations that included only consonants (the difference was significant for one of them), and 4 participants had more errors that involved a vowel and a consonant (a significant difference for 3 of them). Importantly, all the participants, including those who had more vowel migrations, still had migrations of consonants as well. Another question that was assessed in oral reading is the effect of frequency on the pattern of migration errors. This effect is crucial in determining whether the information that the input lexicon receives from the visual analyzer is erroneous or underspecified. If the visual analyzer provides incorrect letter position information to the lexicon, we would not expect frequency effects on reading. However, if the information is partial with respect to letter position, then the more frequent lexical item is expected to be retrieved from the lexicon rather than the less frequent one. A recent study by Friedmann and Nachman-Katz (in preparation) explored the effect of relative frequency on letter position errors. The relative frequency of words in each of 84 pairs of migratable words ("which word is more frequent -beard or bread?") was judged by 33 unimpaired 3 rd and 5 th graders. The 49 pairs for which there was a significant frequency difference between the words (p .0001) were presented to 6 Hebrew-speaking children with developmental LPD. The analysis of their errors showed that each of them made more migration errors on the less frequent targets than on their more frequent counterparts.
The direction of errors was usually from the less frequent target to a more frequent response rather than vice versa.
In order to assess the effect of frequency on letter migrations in our participants, we selected 24 word pairs from Friedmann and Gvion (2001) for which the relative familiarity rating of 50 adult native speakers of Hebrew indicated a significant difference between the two words. We then tested the written frequency of the word pairs using Frost and Plaut
Developmental letter position dyslexia 16 (2005) database, which was consistent with the familiarity ratings for 22 of the pairs, (and showed no frequency difference for two pairs). We created a list of 44 words from these 22 word pairs, and asked the participants to read them aloud. The average frequency of the more and less frequent words was 62.1 and 7.8 occurrences per million respectively. We compared the rate of migrations on the more frequent anagram compared to the less frequent anagram.
Results
The results indicated that each of the participants made more migration errors on the less frequent word than on its frequent counterpart, this was significant for 7 of the participants (S 2 > 4.4, p < .04), and marginally significant for 2 others. On the group level too, there were significantly more migration errors on the less frequent words (average of 36.4% errors) than on the more frequent word (10.3% errors), T = 0, p < .0001.
5
READING TASKS THAT DO NOT REQUIRE READING ALOUD
In order to see whether the deficit is a pure reading impairment or whether it stems from an impairment in speech output, and also in order to test the reading of migratable words using additional types of tasks, we administered tasks that do not require reading aloud, including definition, same-different decision, and lexical decision.
Experiment 2: Definition of migratable words
How do the individuals with LPD understand the words they read incorrectly? Do they understand them as the target or as the response word? In order to answer this question, and in order to neutralize output effects, we used a definition task. The items were 25 words with a potential for middle migration. They were 4-5 letters long (M = 5, SD = 0.7), and their average frequency (taken from Frost & Plaut database, 2005 , only exact string without inflections and attached morphemes) was 11.7 occurrences per million (SD = 19.2). The words were separately presented to the participants, who were asked to define each word without reading it aloud.
Results
The errors in this task were definitions that matched a word that would be created following middle letter migration. For example, one of the LPD participants defined "cables" as "A cute animal", probably because dogs is written (KLBIM), and cables is (KBLIM).
Migration errors of the LPD participants in the definition task amounted to a quarter of the responses (just like in the reading aloud task). No other types of errors occurred in the definitions. As shown in Table 6 , 10 of the LPD participants had more migration errors in the definition task than their matched controls. For seven of them the difference was significant, and for one it was marginally significant. On the group analysis, too, the LPD group had significantly more migration errors in definition than the control group, z = 3.48, p < .001. Hebrew, but , RPL, arafel, mist, is). The sequences were 4-7 letters long, with an average length of 5.1 letters, both for the words and for the migratable nonwords.
As seen in Table 7 , the participants with LPD made errors on this task too, some of them in as many as half of the items, whereas the control participants made only between 0 and 4 errors.
Most of the errors (87%) consisted of accepting a migratable nonword as a word. Ten of the LPD participants had more errors in lexical decision than the control group. This difference was significant for 8 of them, and marginally significant for another one. The comparison of each individual score to the control group yielded a significantly poorer performance than the control group for 9 participants. The LPD group had significantly more lexical decision errors than the control group, z = 3.41, p = .0003, and significantly more errors of acceptance of nonwords as words, z = 3.48, p = .0003. . Each word pair was presented on a paper, side by side with a hyphen between the words, as shown in the examples above. All the words were 4-6 letters long. The participants were asked to judge whether the words in the pair were same or different.
The general number of errors of the participants with LPD ranged between 3 and 29 (M = 12.1), whereas the control group made between 0 and 12 errors (M = 3.7). Nine of the participants with LPD had more errors than their matched controls, the difference was significant for 5 of them. The LPD group had significantly more errors than the control group, z = 2.76, p = .003. The average number of errors for identical pairs was low, 1.2 for migratable pairs, and 0.5 for identical non-migratable pairs.
This task was constructed in a way that would enable us to compare migration errors and letter identity errors, by comparing errors on word pairs that differ in letter order and word pairs that differ in letter identity. This analysis, shown in Table 8 , demonstrated that the LPD participants made 3-28 errors in detecting difference of letter order, and only 0-4 errors in detecting difference in letter identity. Each of the LPD participants had more errors on word pairs that differed in letter order than on word pairs that differed in letter identity. This difference was significant for 7 of the participants. This pattern held also in the analysis for the group, T = 0, p < .001. Importantly, whereas the LPD group differed from the control group in detecting letter order differences, they did not differ from the control group in detecting letter identity differences, z = 1.9, p > .05. This suggests again that the main difficulty for the LPD participants was letter position encoding, without a deficit in letter identity encoding.
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Interim summary -single word reading
Summarizing this part of the study, the results indicate that the 11 participants with LPD made mainly migration errors of middle letters, which occurred predominantly in words in which transpositions of middle letters create another existing word. More errors occurred in adjacent than non-adjacent middle letters, and no consistent differences were found between migrations of vowel and consonant letters. The participants also made some doublings of letters, and omissions of one instance of letters that appeared twice in the same word. Some of the participants made errors of reading via a sub-lexical route. The letter position deficit manifested not only in oral reading but also in tasks that did not require oral output:
definition, lexical decision, and same-different decision. Letter identification was unimpaired.
Experiment 5: Reading word pairs -Do letters migrate between words too?
Is the ability to encode the relative position of letters within a word separate from the attentional function that ascribes letters to words and attenuates neighboring words?
A way to explore this question is to see whether the participants with LPD, who showed a marked tendency for migration of letters within words, also have migrations of letters between words, as seen in attentional dyslexia. If they do not, this would indicate that the two abilities, position encoding within words and the letter-to-word binding, are dissociable.
To test this question we presented the participants with word pairs for which letter migrations between words (that preserve letter position within the word) create at least one other word pair. Examples for word pairs are given in (8) and (9). In order to increase the likelihood of migrations between words, words included the same number of letters and had at least one letter in common (McClelland & Mozer, 1986) . The words in this test were 3-6 letters long. There were 171 word pairs, but each participant completed a different number of pairs from the list, between 27 and 171 word pairs. Each word pair was presented separately, horizontally, with a single space between the words. The participant was asked to read each word pair aloud. Prior to the test we explained to the participants that the words were not semantically related. pts.). For each word in this list, a vertical migration of a letter from either the word above it or the word below it created at least one other existing word. We counted the number of vertical attentional migrations that the participants made in this task.
Results
The results of the horizontal word-pair reading are presented in The analysis of vertical migrations between words revealed that 6 of the 7 participants had between 1 and 3 vertical migration errors out of the list of 326 words, and one of them, RI, had 15 vertical migrations between words (4.6%). (Interestingly, most of his between-word migrations occurred mainly in final letters, reported in Gvion, Friedmann, & Faran, 2003.) Thus, the analysis of vertical and horizontal migrations indicates that at least seven of the participants who had LPD and a marked tendency for letter migrations within words did not make letter migrations between words.
Experiment 6: Reading text
The next step was to try and find out how the letter position deficit is manifested in a more ecologically valid setting of text reading. This would allow for a comparison between reading of single words and words in context and to assess the contribution of context to reading in LPD. For this aim we wrote a story called "Yotam and the camels' picture" (a title for which migration within words yields "An orphan and the sleep of the pupas"). The story included 426 words, 230 of which had a potential for middle letter migration. A third of these migratable words were included in the single word reading task in Experiment 1a, and the rest had similar characteristics to the words in Experiment 1a, 4-6 letters long migratable words.
The participants were asked to read the story as accurately as possible. The participants made migration errors in text reading too. As shown in Table 10 , each of the LPD participants had more migration errors than the matched control participant; this difference was significant for 8 of the participants, and marginally significant for 2. On the group level, too, the LPD group made significantly more migration errors than the control group, z = 3.84, p < .001.
Results
We also compared the rate of migration errors in reading single migratable words and migratable words that were incorporated in text. Whereas single migratable words yielded 12%-43% (M = 25%) migration errors, migratable words in text yielded a lower rate of 3%-33% migration errors (M = 12%). Each of the LPD participants had more migration errors in reading single words than in reading migratable words in text; this difference was significant for 9 of the participants, and marginally significant for an additional participant. This difference was significant on the group level as well, T = 0, p < .001.
It seems that the individuals with LPD used contextual cues to partially compensate for the letter position deficit. This comparison indicates the role of context in preventing migration errors in everyday text reading of individuals with LPD, and stresses the importance of using single words for the assessment of this dyslexia.
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Experiment 7: Nonword reading
In order to assess the ability of the LPD participants to read via grapheme-to-phoneme conversion, and to compare reading of words and nonwords, the participants were asked to read non-migratable nonwords. Friedmann and Gvion (2001) reported that the individuals with acquired LPD they tested had significantly fewer migration errors in non-migratable nonword reading than in word reading, and ascribed this difference to the fact that while words are perceived as a single unit, the attention in nonwords is allocated to each letter separately, and therefore attentional deficits have less effect when it comes to nonwords.
We asked the participants to read 18 non-migratable nonwords with diacritics (which give information regarding the vowels in the word). The nonwords were created from existing words by a change of a single letter, and had a mean length of 4.83 letters. The participants were told that the list included only nonwords. We compared the way the LPD participants read nonwords to the control participants, both with respect to total error rate and with respect to the rate of migration errors. In order to evaluate the difference between the reading of words and nonwords, we compared migration errors in the nonwords to migration errors in 136 migratable words with diacritics (mean length 4.75). Migratable words and nonmigratable nonwords share the property that in both a migration error cannot be overruled based on lexical considerations: in the case of migratable words, the result of a migration error is also a lexical item, and in the case of nonwords, the sequence that results from a migration error is as non-lexical as the target nonword, and the participant knows that the result should be a nonword.
Results
In the nonword reading too, the individuals with LPD produced migration errors, but apart from that, their grapheme-to-phoneme conversion was unimpaired and similar to that of the control group. When only errors other than migrations were examined, the reading of the LPD participants did not differ from that of the control participants, z = 1.08, p = .28. This indicates that grapheme-to-phoneme conversion in itself did not form a difficulty for the individuals with LPD, only the encoding of relative letter order.
However, when migration errors are considered, the participants had an average of 11.7% migration errors in reading nonwords, whereas the control participants had less than one percent migration errors on the average, as shown in Table 11 . Six of the LPD participants had more migration errors in nonwords than did their matched controls, which was significant for three of them. On the group level, too, the LPD group made significantly more migration errors than the control group, z = 1.97, p = .02. Eleven of the errors of the LPD group were lexicalizations. The comparison of migration errors in reading nonwords with diacritics to migratable words with diacritics yielded a higher migration error rate in migratable words than in nonwords for each of the 11 LPD participants. For 5 of them the difference was significant. On the group level too, the LPD group made significantly more migration errors on migratable words than they did on nonwords (M = 27%, 12%, respectively, T = 0, p < .001). Even when only frequent migratable words (namely, words that were judged by 50 speakers as more frequent than their migration counterpart) were compared to the nonwords, still significantly more migrations occurred on migratable words than they did on nonwords, T = 5.5, p = .02.
Experiment 8: Naming letters within words
Letter naming was another task that allowed us to directly test migration errors when attention is allocated to each letter separately. The participants were asked to name letters in 25 migratable words. They were requested to name them letter-by-letter from right to left.
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Because this task was administered at a late stage of the study, 6 only 4 of the LPD participants took part in this task.
Results
The results were that all 4 participants were quite good at naming letters in migratable words.
Two of them, RM and YS, performed flawlessly. NS had one doubling of a letter (she named the first letter again at 5 th position), and SP omitted one letter.
These results suggest, again, that migrations tend to occur when the participants treat the stimulus as a word, and process letters in parallel. However, when they attend to each letter separately, the migration errors decrease or disappear.
Experiment 9: Ruling out an output deficit
Letter position errors in reading aloud can stem from two sources: an input deficit or an output deficit. Several considerations already suggest that the deficit of the participants in the current study lies in input rather than in output. Experiments 2-4, which tested reading by tasks that do not involve reading aloud, showed that the position errors occurred also when output was not involved. The next experiment tests directly whether output is impaired, using speech output tasks that do not involve reading.
The experiment included repetition of three types of stimuli: phonologically complex words, phonologically complex nonwords, and migratable words. In the phonologically complex repetition task (BLIP, Friedmann, 2003) , the participants repeated 50 orallypresented stimuli, one at a time. The stimuli were 25 words and 25 nonwords that included sequences that were phonologically difficult, with different difficulty factors: clusters in various syllable positions, similar features in adjacent phonemes, plosives in coda, and first syllable without onset. In the next step, the children were asked to repeat 48 migratable words, taken from the migratable words reading list.
Results
The participants with LPD did not make any error in repeating the phonologically complex words and nonwords, although this task proved very hard for individuals with phonological output deficits. In the repetition of migratable words, nine participants with LPD did not make even a single transposition error (metathesis), and two produced a single error. The repetition of the migratable words was compared to the reading aloud of the same 48
words. This comparison, shown in Table 12 , indicated that whereas the participants with LPD never made more than one error in repetition, they made an average of 11 migration errors in reading the same words. There were significantly more migrations in reading than in repetition of migratable words for each of the LPD participants, as well as for the group,
In addition, we analyzed all the oral definitions provided by each participant. At least 25 sentences per participant were analyzed. The speech production of each of the participants included no phonological paraphasias and no metatheses.
These results indicate that the participants' migrations in reading resulted from a reading impairment rather than from an output deficit. These results, demonstrating unimpaired output abilities, indicate that the letter position errors in reading did not stem from an output deficit, but are rather related to an input deficit, in orthographic-visual analysis.
Experiment 10: Phonological awareness
Many researchers ascribe a key role to phonological awareness in developmental dyslexia, and some even claim that all types of developmental dyslexia are associated with impaired phonological awareness (see for example Snowling, 1998; see Castles & Coltheart, 1996, Developmental letter position dyslexia 28
2004 for a detailed review and criticism). Because the participants had developmental dyslexia, we tested whether they had impaired phonemic awareness.
A same-different judgment task for first and last phoneme and syllable was used to test phonological awareness. The first subtest, judgment of first phoneme, included 17 word pairs that were orally presented to the participant, and the participant was asked to determine whether they start with the same sound (perax-pitriya: yes, gerev-degel: no). The 10 word pairs that started with the same phoneme did not start with the same syllable: they included a different vowel after the first phoneme. The second subtest was judgment of final phoneme. (Portugues, Friedmann, & Most, 2003) .
The results were that 9 of the 11 participants with LPD performed the phonemic awareness subtests flawlessly. Two participants, SP and HA, had difficulties even on the syllable level. These results join a growing body of evidence showing that difficulties in phonemic awareness are not characteristic of all individuals with developmental dyslexia (Castles & Coltheart, 1996 .
Experiment 11. Are migration errors typical to early stages of unimpaired reading and to other types of dyslexia?
11a. Unimpaired readers
In order to establish whether the pattern we saw in reading aloud was indeed related to a reading deficit or whether it characterizes early stages of typical reading acquisition, we tested the oral reading of 22 Hebrew-speaking first graders, and 15 Hebrew-speaking second graders. The list the first graders read included 100 3-4 letter words, 75 of which had a potential for exterior migration. The second graders read the 324 migratable word list that was presented to the LPD participants in Experiment 1b.
Out of a total of 2200 words read by the first graders only 10 were read with a letter order error. Six children made between 1 and 3 migration errors, and the rest of the children made no migration error (but notice that the list included only potential for exterior migration). The group of second graders who read middle migratable words made an average of 3.3% migration errors (SD = 1.5%). In addition, migration was not the main type of error for any of the second graders -they made 12% other errors on the average (SD = 13.9%), mainly of reading via grapheme-to-phoneme conversion. The description of the development of normal letter position encoding requires, of course, more data from more children, but for our current purposes, the data suggest that migration errors do not characterize early reading acquisition.
11b. Readers with other types of dyslexia
Developmental neglexia. In order to assess whether migration errors are characteristic to all types of peripheral dyslexia, we tested the rate of errors of different types in the reading of 19 children with developmental neglect dyslexia (neglexia). The children were taken from Nachman- Katz and Friedmann's (2007) study. Each of these children was asked to read a list of 100 words 75 of which had a potential for exterior migration on either the right or the left side of the word (the same list that was presented to the first graders). These children, whose reading accuracy is very poor (average correct = 46.1%, SD = 17%, range 8%-74%), made predominantly errors that consisted of neglecting the left letters of each word, but almost no migration errors. Each of them had between 0 and 3 migrations, with an average of 1 error.
Three of the children with neglexia, one in 2 nd grade, two other in 3 rd grade, read an additional list of 40 words with a potential for middle letter migration 7 . Again, the reading performance of all three was very poor, with 0, 5, and 35 percent correct in reading, with mainly left neglect errors, but very few migration errors. They had between 0-2 migration errors, and two of them had 1 mixed error of neglect and exterior transposition.
Developmental surface dyslexia. In order to further explore whether migration errors are characteristic of children with orthographic-lexical deficit and whether they form a strategy to compensate for partial lexical knowledge, we analyzed the types of errors made by 19
Hebrew-speaking individuals with developmental surface dyslexia. These individuals took part in a study on subtypes of developmental surface dyslexia (Lukov & Friedmann, 2006) .
The participants read aloud a list of 311 words, including 143 words that had a potential for middle letter migration (for surface dyslexics). These participants, who had 32% errors of reading via grapheme-to-phoneme conversion, made almost no errors of letter migration.
7 This list was chosen for them from the 324 migratable word list. The list included only words with a vowels, as this was the only vowel they had already acquired.
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They had between 0%-2% migration errors (M = 0.2%, SD = 0.4%). (This result is interesting in itself -the children with developmental surface dyslexia actually made less migration errors than the unimpaired readers. This might be related to their reliance on the sublexical route which requires the allocation of attention to each letter separately.)
Thus, the analysis of the errors made by the two groups that had developmental dyslexias that are not LPD indicates that even in the case of partial letter input (as in neglexia)
and in the case of partial or damaged orthographic-lexical knowledge (as in surface dyslexia), the errors are not migrations. These findings, together with the lack of migration errors in the reading of the first and second graders, support the view that migration errors are not a type of error that is characteristic of all subtypes of dyslexia in Hebrew, and that it does not stem from guessing in the face of a lack of lexical knowledge. It rather originates in a selective deficit in letter position encoding.
Discussion
This study examined in detail the pattern of reading deficit of eleven individuals with developmental LPD. They made letter position errors in a quarter of the words they read, and one of them had as many as 43% such errors. Although they had severe difficulty in locating the relative position of letters within words, their letter identification was unimpaired, and for at least 7 of them there were no errors of migration between words. Migrations within words occurred significantly more than all other types of errors combined. The deficit manifested itself mainly in words in which migration errors result in another lexical item, and was less marked in non-migratable words, in nonwords, and when the migratable words were incorporated in a text. Middle letters migrated significantly more than first and final letters, 8 and adjacent letters were more prone to migration than non-adjacent ones.
The individuals in our research had no reported history of neurological disease or brain damage (except for one of them who probably had a stroke prior to reading acquisition) and their LPD could therefore be described as developmental. This study thus shows that LPD can also appear in a selective developmental form. The characteristics of reading in developmental LPD that emerge from the current study are remarkably similar to the pattern of reading in acquired LPD described in Friedmann and Gvion (2001) . This finding bears on a continuing debate regarding the nature of developmental dyslexias. Whereas prominent researchers of acquired dyslexia have claimed since the early eighties that developmental 8 For the effect of final letter form on exterior letter migration in LPD, see Friedmann and Gvion (2005) .
dyslexias should be described on the basis of the dual route model of reading, and hence suggested that there are subtypes of developmental dyslexia, caused by deficits to various components of the reading model, similar to subtypes of acquired dyslexia (Castles & Coltheart, 1993; Coltheart et al., 1983; Marshall, 1984; Temple, 1997) , other researchers keep treating developmental dyslexia as a single entity that cannot be described using the adult model for reading (Frith, 1985; Snowling, Bryant, & Hulme, 1996) . For a detailed portrayal of this debate, see a recent article by Castles, Bates, and Coltheart (2006) . The current study sheds some more light on this question, supporting the existence of subtypes of developmental dyslexia. These subtypes are strikingly similar to subtypes of acquired dyslexia, they result from damage to various components of the reading model, and consequently differ from one another with respect to the characteristics of error types and effects on reading.
Where is the underlying deficit?
In order to identify the functional source of the reading deficit reported here, several loci can be considered. A considerable part of the study was devoted to examining whether the deficit is an orthographic-input deficit or whether it can be ascribed to a deficit in the phonological output stages. Two clusters of data -i.e., data from speech output without reading, and data from reading without speech -indicated that the deficit is not related to output stages. The deficit in relative position of letters manifested not only in reading aloud, but also in a variety of other tasks that did not require phonological output: In the definition task, when participants were asked to define migratable words without reading them aloud, they made errors similar to the ones they made in reading aloud, defining the words as their migratable counterpart instead. In the lexical decision task they failed to identify nonwords that included the same letters as an existing word but in a different order as nonwords. In the same-different decision task, they failed to detect differences in middle letter order. Thus, letter position errors characterized their reading even when no reading aloud was required. In addition, they did not make phonological paraphasias or metatheses in tasks of repetition of phonologically difficult words and nonwords, in repeating migratable words that they failed to read aloud, or in spontaneous speech. These findings indicate that the transposition errors did not stem from a deficit in the output stages (the phonological output lexicon or the phonemic output buffer).
The current results allow us to exclude a deficit in other stages of single word reading.
Firstly, migration errors could not result from a deficit in the orthographic input lexicon because they occur in non-words, too, not only in words. A deficit in the semantic system, in
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Another locus of impairment that can be excluded is the grapheme-to-phoneme conversion itself, because the performance of the individuals with LPD in (non-migratable) nonword reading did not differ from that of the control group except for the position errors, indicating that their ability to convert graphemes to phonemes is normal. Furthermore, migrations occurred both in nonwords and in words for individuals who read via the lexical route, as indicated by the lack of sublexical reading errors even on irregular words.
Importantly, although some variation between the individuals was noted in the rate of migrations and in additional error types, the 11 participants showed striking similarities in the aspects that identify the locus of impairment in the process of word reading. All of them had migration errors as the predominant error type, with more errors in middle than exterior letters, and more errors in adjacent compared to non-adjacent letters; All of them also showed errors in reading tasks that did not require reading aloud; None of them made phonological output errors, and all of them had more errors in reading words than in reading nonwords.
Thus, the pattern of reading of all of the participants in the current study indicates a deficit in the early input stage of the orthographic-visual analysis system.
Where in the orthographic-visual analysis is the deficit located?
The visual analysis system is responsible for letter identification, letter position encoding and letter-to-word binding. The individuals in the current study showed a deficit in letter position, but none of them showed a deficit in letter identification. This was demonstrated in their good detection of letter identity differences in the same-different decision task, as well as in the absence of letter identification (substitution) errors in their reading.
With respect to the function that relates letters to words, Can the letter position encoding deficit occur without a deficit that prevents letter-to-word binding? Some of the individuals who were reported in the literature to show migrations within words also had attentional dyslexia, and had migrations between words (e.g., Hall, Humphreys, & Cooper, 2001; Humphreys & Mayall, 2001) . Can migrations within word occur without migrations between words? Our results indicate that they definitely can, as at least 7 of the individuals with LPD in this study did not have migrations between words, neither horizontal nor vertical, but did have within-word migrations. Some of the participants, specifically, RI, and possibly also NS, HN and DV, might have also had a deficit in the letter-to-word binding function, in addition to their deficit in letter position encoding within words.
A selective deficit to attention within words was also found in Precel and Friedmann (2002) who reported 8 individuals with developmental LPD: 5 of them had no attentional dyslexia, and 3 had migrations between words in addition to migrations within words. The dissociation between migrations within and between words shows that the two functions of letter position encoding within words and letter-to-word binding (or attenuation of neighboring words) can be selectively impaired, and thus supports the idea that these are separate functions.
The dissociations revealed in the current study between impaired letter position encoding, and unimpaired letter identification and letter-to-word binding have an important bearing on the relations between the different functions of the visual analysis system. They suggest that the three functions are separate functions that can be selectively impaired, and support the modularity of acquisition of the position encoding function.
It seems that the individuals with LPD in the current study had a deficit that can be reliably localized in the letter encoding function of the orthographic-visual analysis system.
What is the nature of impairment in the letter encoding function?
Three types of findings in the current line of studies can shed additional light as to the nature of the impairment to the letter encoding function of the orthographic-visual analysis system.
These are lexicality and frequency effects that relate to whether letters were perceived in the wrong position or whether letter position was underspecified; the difference between exterior and middle positions that speaks to the role of attention in the deficit; and the difference in performance in reading whole words on the one hand, and nonwords and letter-by-letter naming on the other, which also speaks to the deficit in perceiving letters in parallel.
Beginning with findings about lexicality, lexicality of the response played an important The results regarding the effect of frequency from the current study and from Friedmann and Nachman-Katz (in preparation) shed light on this question. These studies indicated that more migration errors occur on the less frequent words than on their more frequent counterparts, and that the direction of errors was usually from the less frequent target to a more frequent response. A similar frequency effect was also reported for the two cases of acquired LPD (Friedmann & Gvion, 2001) . These findings support the idea of underspecification of letter position rather than erroneous positions -had it been erroneous perception of letter position, we would expect relative frequency to play no role.
It thus seems that underspecification of letter position yielded the effects we saw in the participants' reading. What caused this underspecification? Some information comes from the "bathtub effect": Similarly to acquired LPD, most of the errors were migrations of middle letters. Experiment 1 showed that the participants made 24 times more migration errors on middle letters than on first and last letters. This difference was explained in Friedmann and Gvion (2001) by an attentional process that allocates attention to initial and last letters first, and then directs the attention to all letters in middle positions together. It seems that the deficit stems from this stage of allocating attention to several letters at the same time, which prevents the correct encoding of the position of the letters that are perceived together. The robust finding of this "bathtub effect" in children with developmental LPD, too, might 9 A similar version of this second option is that it is not a lexical response effect but a process that occurs earlier with a feedback from the input lexicon, but then a detailed account as to how a lexicon can automatically affect nonword stimuli should be developed indicate that this pattern of encoding exterior letters first and then middle letters jointly is acquired early, even in the presence of LPD, which hampers normal reading acquisition; indeed this finding might even indicate that such a pattern does not emerge as the result of experience with letter position encoding but is rather an intrinsic property of the reading system. In order to obtain a clearer picture, an examination of younger children with LPD who are at the very first stages of reading acquisition is necessary.
Another finding that supports the letter position deficit occurring mainly when the stimulus is perceived as a whole word and when letters are perceived in parallel, is the finding that migration errors occurred less frequently in nonwords than in migratable words. This is similar to the finding from the individuals with acquired LPD in Friedmann and Gvion (2001) . Why is this so? Since we cannot expect the visual analyzer to be sensitive to word/nonword distinctions (at least for legal letter sequences), it is probably the later processing by the grapheme-to-phoneme conversion that requires letter-by-letter input, and this might be the source of the difference. When attention is allocated to each letter separately, the migration error rate decreases (see Prinzmetal, 1981; Prinzmetal & Millis-Wright, 1984) . This is also supported by the good performance of the LPD participants in letter by letter naming. When they were asked to name the letters in migratable words, they did not make migrations. Similar results were reported by Coltheart et al. (1983) for an individual with surface dyslexia, who made letter position errors in reading words but not in naming individual letters. 10 Thus, when attention is allocated to each letter separately, migrations disappear. These findings also suggest a direction for treatment of LPD: a treatment that assists the allocation of attention to each letter in the word separately might reduce the number of migrations (Rahamim & Friedmann, 2003) To summarize the description of the deficit that causes letter position errors of the type reported here, the deficit is localized in the letter position encoding function in the orthographic-visual analysis system. This deficit is orthographic-attentional in nature, and occurs when several letters are perceived in parallel. Letters perceived in parallel are identified correctly, but their relative order is unknown. Thus, the visual analysis system provides the correct identity of all letters, the correct position of first and final letters, but the position of the middle letters is underspecified. The lexicon then searches for a lexical item 10 A similar pattern was found in developmental neglect dyslexia in Hebrew as well: Friedmann and Nachman- Katz (2004) and Nachman- Katz and Friedmann (in press ) report 19 children with word-based neglect dyslexia who had neglect errors when reading words, but did not neglect left sided letters in letter-by-letter naming.
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Leibniz and letter position deficit. Another interesting type of errors that systematically occurred in the reading of the individuals with LPD was omissions of one instance of a letter that occurred twice in the target word, and doubling of a letter that occurred only once in the word. These doublings occurred significantly more than the addition of any other letter. We suggest that these errors are actually related to the letter position deficit. This is because knowing how many times a letter occurred in a word is dependent upon the ability to encode its position. The philosopher and mathematician Gottfried Wilhelm Leibniz already noted in 1680-1684 in his "Identity of Indiscernibles" principle, that if two objects have all properties in common, then they are identical (Leibniz, 1680 (Leibniz, -1684 (Leibniz, /1969 , see also 1714/1898). Now, if
we take letters to be objects, and position in the word to be a property, when a letter appears twice in a word, the abstract identity of the two same letters does not differ, but they do have different position properties and therefore we know they are not identical. However, if the only difference between two same letters in a word is their position, and the mechanism of position encoding is impaired, the reader loses the only property that distinguishes between the letters, and therefore might take them to be identical, a single letter, reading good as god or god as good. Similar causes can lead to doubling errors, namely taking one letter to be two.
Vowels vs. consonants.
A comparison between migrations that involved vowels and migrations that involved only consonants did not yield consistent differences. Three participants did not show any difference between vowels and consonants, 1 participant had more migrations of consonants, and 3 participants had more migrations that involved vowels but even they showed considerable number of consonant migrations as well. This finding is important for several reasons. First, as vowels in middle positions in Hebrew often play a morphological role, the lack of difference between vowels and consonants or at least the occurrence of migrations in consonants as well as in vowels indicates that migrations did not result from a morphological deficit. Second, vowels in Hebrew orthography are quite fragile, because they are underrepresented, and many printed words do not include vowel letters at all.
Therefore vowel letters might be ignored when they do appear. We have recently seen several individuals with a specific Deficit in Vowel Letters (DIVL) in Hebrew and in Palestinian
Arabic, who had omissions, substitutions and migrations of vowel letters. The finding that the participants in the current study showed migrations both in consonant letters and in vowel letters indicates that the cause of migrations in the current study was not the DIVL, but rather a general letter position deficit, which extends to both consonants and vowels (and that does not involve omissions and substitutions of vowels).
Is the deficit related to phonological awareness? The deficit cannot be ascribed to poor phonological awareness either, as 9 of the 11 participants had normal performance on the phonological awareness tasks, on the phoneme level. This finding emphasizes that claims about the role of phonological awareness in developmental dyslexia should be made with reference to specific subtypes. The general claim that developmental dyslexia results from a phonological deficit or from poor phonemic awareness (Goswami, 2002; Marshall, Snowling, & Bailey, 2001; Snowling, 1998; Stanovich, 1988 ) might be true for some types of dyslexia (specifically phonological dyslexia), but is not applicable to other subtypes (see Temple, 1997 for a presentation of some subtypes of developmental dyslexia). Peripheral developmental dyslexias and developmental surface dyslexia do not necessarily come with poor phonemic awareness and do not result from poor phonemic awareness (see Castles & Coltheart, 2004) or a phonological deficit (see McCloskey & Rapp, 2000a for a discussion). Unimpaired phonemic awareness was also reported by Lukov and Friedmann (2004) in a study of 7 other children with developmental LPD and 3 children with developmental surface dyslexia. Thus, whereas deficits in the phonological-sublexical route might cause considerable difficulties in reading acquisition, not all reading difficulties result from phonological deficits.
Developmental LPD and sublexical reading. One type of error that occurred in the reading of 4 of the participants, which is less directly related to the position encoding deficit, are errors that result from reading via the sublexical route. These 4 participants tended to read words using grapheme-to-phoneme conversion rather than through the lexical route, with a result of incorrectly reading unrepresented vowels, incorrect stress position, and potentiophone errors.
We believe that this happens because developmental LPD hampers the establishment of an orthographic input lexicon, as a result of two interacting factors: One factor is the avoidance of reading -our participants expressed frustration and deep dislike of any activity that involved reading, and refrained from it as much as they could. The other factor is that when they do read, the input to the orthographic input lexicon is incomplete or incorrect, which probably hinders the establishment of a well-formed orthographic input lexicon (see also Friedmann & Gvion, 2002) . This insufficient and ineffective exposure to reading might be the source of the incompleteness of the orthographic-lexical knowledge (see Cunningham & Developmental letter position dyslexia 38 Stanovich, 1998; Share, 1999; Stanovich, 1986; Stanovich & West, 1989) , which, in turn, results in reading via grapheme-to-phoneme conversion and in surface-dyslexia-like reading.
(We call it surface-dyslexia-like because we believe that it is not the case that the lexical route of our participants is inaccessible or damaged like in surface dyslexia, but rather that the lexicon is incomplete and therefore cannot contribute enough to reading). The incompleteness of the orthographic input lexicon is especially critical in Hebrew and becomes very evident in reading, because no Hebrew word can be read unambiguously solely based on the sublexical route, because of the large degrees of freedom in reading.
Interestingly, the individuals with acquired LPD reported in Friedmann and Gvion (2001) did not make such errors of sublexical reading. The main difference between the reading of individuals with acquired and developmental LPD is the fact that whereas individuals with acquired dyslexia start with a system that was once complete, including a well-established orthographic lexicon, developmental dyslexia disrupts the process of reading acquisition and the establishment of the orthographic lexicon.
The effect of context on letter position errors. Contextual cues also played a role in the reading of the individuals with LPD. The better reading of migratable words when they are incorporated in a story than when they are presented as single words is probably due to reliance on context as an additional source for reading words, among other things because it allows for guessing rather than decoding the word. Freeman (1981, see also McCloskey & Rapp, 2000a; Stanovich, 2000) already reported that poor readers rely on contextual cues for word recognition much more than good readers, whose reading proceeds automatically and does not need extra help.
Migratability and implications for diagnosis of LPD.
Why is LPD so evident in Hebrew compared to other languages? We suggest that the potential for lexical migration is what makes the difference. In Hebrew many words are migratable, and therefore partial information that includes letter identities but incomplete information about middle letter position that arrives from the orthographic-visual analyzer corresponds to more than one word in the orthographic lexicon, so an incorrect word can be retrieved. Unlike in Hebrew, in
English the lexicon can usually single out one word even without full information about the relative position of middle letters, because usually the knowledge of letter identities and the position of first and final letters corresponds to a single lexical entry, and this, again, is because relatively few English words differ only in middle letter order. Thus, letter position impairment is less evident in English, unless the appropriate stimuli are presented to the patient, namely words with a potential for middle letter migration.
The immediate implication for the diagnosis of LPD in all languages is that the stimuli should be words with a lexical potential for middle letter migrations. Taken together with the findings about the decrease in migrations within text, in order to diagnose LPD these words should be presented as single words.
To conclude, this research explored the nature of a hitherto unreported developmental dyslexia -letter position dyslexia. This dyslexia stems from a selective deficit at the stage of orthographic-visual analysis, in the function of letter position encoding, and leads to errors of letter position, especially in middle letters, when migration leads to another existing word.
The selectivity of the impairment and the very specific properties of this dyslexia subtype with respect to errors and effects on reading indicate that it is extremely important to identify the subtypes of developmental dyslexia both in order to learn more about the normal reading process and its acquisition, and in order to improve diagnosis and treatment. 
